Background: Examination of at least 12 lymph nodes (LNs) in the staging of colon cancer (CC) was recommended by the National Comprehensive Cancer Network in 2000; however, rates of an adequate examination remain low. This study compares the impact of the hospital contextual variance against that of the operating surgeon on delivery of an adequate LN examination.
Results:
A total of 25,606 resections involving 3376 surgeons operating in 346 hospitals were analyzed. Half of cases had an adequate examination. Hierarchical models showed the median odds of an adequate examination associated with the hospital context [(MOR hosp 2.05; 95% confidence interval, 1.9-2.2) was much higher than that associated with the surgeon (MOR surg 1.34; 95% confidence interval, 1.2-1.4)]. Hospital characteristics teaching and high volume predicted higher odds of an adequate examination. There was no association with hospital revenue.
Conclusions:
Approximately half of patients undergoing surgery for CC received an adequate LN examination. Hospital contextual factors had a stronger association with receipt of an adequate examination than surgeon factors. Our results suggest that quality improvement initiatives and incentives should be targeted at the hospital level to achieve the highest impact. Furthermore, we have identified nonteaching and low volume settings as rational targets for these efforts. A ccurate staging of colon cancer (CC) depends on an assessment of the presence of tumor cells in the lymph nodes (LNs). If the LNs are involved with tumor (stage III disease by definition), chemotherapy is indicated. In 1999, a multidisciplinary panel including leading US surgeons and pathologists convened to make recommendations about the optimal number of LNs that should be examined to maximize staging accuracy. The panel recommended that at least 12 LNs should be examined for microscopic evidence of disease spread. 1 Since then, there have been a number of studies examining the predictors of an adequate LN examination. Strong correlations have been found between white or Asian race, younger age, and receipt of an adequate examination. [2] [3] [4] [5] [6] A large retrospective study assessing outcomes related to adequacy of the LN examination showed that patients with earlier stage cancers are also less likely to receive an adequate examination 7 and most importantly that those early stage patients who received an adequate examination had better outcomes than those who did not. 7, 8 On the basis of the positive correlation with survival, the measure was endorsed by the National Comprehensive Cancer Network, a multidisciplinary cancer care guideline-making body, as an important factor delivering evidence-based, high-quality CC care. 9 Meeting the standard is, by definition a coordinated effort between providers who may have little or no direct interaction. As a matter of routine, the surgeon does not attempt to count the number of LNs at the time of the resection. Examination and count of LNs is conducted in the treating hospital's pathology department. Visual and tactile examination and/or chemical fixatives are used to identify the nodes. Small and inconspicuous nodes (< 0.5 cm) can be elusive. Chemical fixatives improve visualization but their use requires additional time. The process involves at least 1 pathologist and a variable number of pathology assistants (PA). These human resources vary among hospitals. In academic centers, the number of pathologists, PAs, and student trainees (ie, PA students, residents, and fellows) may be substantial, as compared with low resource or nonteaching hospital settings. Thus, hospital resources and infrastructure may significantly influence the quality of the LN examination.
Previous work from our group and others has demonstrated that overall rate of meeting the LN standard is low. 2, 6 Several studies have attempted to analyze the question of accountability between the surgeon and other operator dependent and independent factors within the hospital. The results of these studies have been somewhat inconsistent and at times contradictory. Some studies have shown no statistically significant association between LN counts and the surgeon or pathology staff. [10] [11] [12] In contrast, other studies have shown that both the surgeon's experience and the pathologist's performance are associated with the quality of the examination. [13] [14] [15] [16] [17] [18] These studies have been limited by small cohorts, single institutional experience, or failure to use hierarchical modeling to differentiate the effect of the provider nested within the hospital context. One investigation used a hierarchical approach to evaluate variation in meeting the standard; however, the authors used SEER-linked Medicare data 5 and found that the hospital made a larger contribution to variation than the surgeon or pathologist. However, generalizability is somewhat limited by homogeneity of the cohort (patients 65 y or older; all with similar insurance). Thus, there are no studies using a representative population-based sample with appropriate methods to determine accountability for delivery on this metric.
Because the 12 LN minimum standard was subsequently endorsed by the National Quality Forum, 19 the metric is eligible to become a Center for Medicare and Medicaid Services pay-for-performance measure. With the impending implementation of the Affordable Care Act and expected increases in pay-for-performance programs, it is imperative that the appropriate target for financial incentives be clearly identified. Some have argued against the application of incentives at the hospital level, 2 suggesting that hospital-level compliance does not predict hospitallevel outcomes. This argument effectively leaves individual providers exposed as targets for financial penalties, despite the necessity of coordinated care to achieve compliance.
The purpose of the current study is to compare the contribution to variance in delivering an adequate LN examination between the surgeon and the hospital in an all-age, all-payer, large, and diverse state-level cohort. By doing so, we will elucidate rational targets for incentive-based quality improvement. We hypothesize that hospitals will explain more of the variance in the adequacy of LN examination than individual surgeons. The CCR is a statewide cancer database containing specific demographic, staging, and treatment details for patients treated in California. Reporting occurs by legislative mandate for all primary cancers (except nonmelanoma skin cancers). The registry has a very low loss-to-follow-up rate because reporting occurs regardless of whether the patient has received care at multiple facilities within the state. The registry is diverse and robust, with fewer than 3% missing race/ethnicity data and fewer than 2% of cases identified through death records. Demographic and clinical variables include age, sex, race/ethnicity, AJCC consolidated tumor stage, number of LNs examined, number of positive LNs identified. Physician-level variables include a unique identifier for the operating surgeon (license number). Using this identifier, the number of hospitals where a surgeon operates, and surgeon-level volume can be calculated. There are no data collected in CCR on recurrent tumors. The OSHPD-PDD contains records for every adult discharge from all of the general acute, nonfederal hospitals in California, regardless of intended payer. Each record contains a unique hospital identifier where care was delivered and International Classification of Disease 9th Clinical Modification diagnostic and procedure codes indicating the primary diagnosis for the treatments provided during the index admission. The diagnostic codes indicate tumor location. Hospital annual volume can be calculated using the number of discharges with a primary diagnosis of CC. After obtaining permission from the California State and Stanford IRBs, respectively, the CCR was linked to the OSHPD-PDD by the CCR staff using a probabilistic linkage algorithm based on patient's date and year of birth and social security number. These matching variables were stripped from the records before disclosure to the investigators. Data were then aggregated at the hospital level using the OSHPD hospital identification number. Financial data from the 2001 HAFD was subsequently linked by the investigative team using the hospital identifier. The HAFD contains structural and financial characteristics of the discharging facilities at the start of the years under study.
METHODS

Sources of Data
Study Cohort
The analysis includes all patients who underwent surgical treatment for a primary diagnosis of stage I-III CC, between the years 2001 and 2006, inclusive. Patients with stage IV disease were excluded because the presence of distant metastases determines the need for chemotherapy regardless of the LN count. Records with missing operating surgeon and/or LN data (ie, no numeric data recorded) were excluded. Records with zero nodes examined were included in the analysis.
Measured Outcome
The outcome of the study is an adequate LN examination (defined as 12 or more LNs), and the attribution of variance between the operating surgeon and the hospital which serves as a proxy for all other factors (pathology performance and coordination of care) related to achieving the standard.
Predictor Variables
Patient demographic information such as age, sex, and comorbidity score, were also included in the analysis. 20, 21 The comorbidity score was calculated using the Deyomodified Charlson comorbidity score for administrative data. 22 Because published studies have shown variation in the number of LNs examined by sex, age, race, and stage, these factors are included in the models.
Using the unique identifiers for surgeon and hospital, 2 surgeon-level variables were created. One describes the number of hospitals in which a surgeon performed colon resections because operating in different hospitals with different (perhaps, lower quality) institutional cultures may decrease a surgeon's effectiveness. A second surgeon-level variable was created to describe the number of CC surgeries that the surgeon performed during the study period as surgeon volume is likely associated with skill at achieving an adequate examination.
Hospitals were categorized in volume quartiles according to the average number of CC surgeries performed per year, in keeping with others who have studied the effect of hospital volume on performance and outcomes. [23] [24] [25] Hospitals were divided into quartiles of annual revenue per bed. We included this characteristic as a direct measure of hospital resources because differences in CC survival, 26 and low levels of compliance with the LN standard 27 have been associated with low resource settings. Hospital teaching status was also included in the analysis.
Analysis
Logistic multilevel modeling procedures were used to take account of the hierarchical data structure which consisted of hospitals hosting multiple surgeons who operate on multiple patients. The binary response was a measure of adequacy of examination of LNs (y). The probability of having 12 or more LNs examined (p ijk ) for an individual patient (i) operated on by a surgeon (j) in a hospital (k) was analyzed as a Bernoulli distribution. Each random intercepts model was created using a logit-link function in the form:
The fixed part of the equation consisted of the intercept (b 0 ) and the conditional coefficients of the predictors (bX). The coefficients of the predictors represent the change in log odds of a patient having at least 12 LNs examined given a change in X characteristic (such as a comparing one age group to another) provided that the patient is operated on by the same surgeon in the same hospital. To simplify presentation, exponents of these coefficients were presented as odds ratios (ORs) and 95% confidence intervals (CIs). The random part of the equation included an intercept for surgeons (u 0jk ) which was assumed to have a normal distribution with mean 0 and variance s u 2 and an intercept for hospitals (v 0k ) which was assumed to have a normal distribution with mean 0 and variance s v 2 . The random intercept for surgeons provides an estimate for the variation in adequate node examination between surgeons after accounting for all fixed effects. The random intercept for hospitals provides an estimate for the variation in adequate node examination between hospitals after accounting for fixed effects and variation between surgeons.
Three analytic models were created to understand the influence of each level of data. The first model includes patient characteristics as fixed effects; the second includes patient and surgeon characteristics as fixed effects; and the third includes patient, surgeon, and hospital characteristics as fixed effects. All models were created using Bayesian methods as implemented through MCMC modeling in MLwiN 2.26. 28 Measures of variance at the surgeon and hospital levels were presented as raw numbers and as median ORs 29 and 95% credible intervals (CrIs). 30 The median OR is a measure which describes the increased likelihood of an outcome if a person moved from a randomly selected environment to a randomly selected higher performance environment. The 95% CrI is analogous to a traditional 95% CI.
Sensitivity Analyses
Sensitivity analyses were performed to address the possibility of cross-classification of surgeons who operated in more than 1 hospital as this violates hierarchical assumptions. Two additional datasets were created for analysis. The first consisted of only surgeons who operated in exactly 1 hospital (n = 13,554 patients; 2536 surgeons; 309 hospitals). In the other, we randomly selected a single hospital for surgeons who operated in more than 1 hospital, forcing all surgeons to be represented in only 1 hospital (n = 21,632 patients; 3376 surgeons; 330 hospitals). Both datasets were analyzed as described above, except there was no marker indicating the number of surgeons' hospitals.
To determine whether the influence of operating in multiple hospitals varied depending on which hospitals the surgeon operated in we performed a random slopes analysis. Using the full dataset, the model included all the fixed effects, except the categorical variable indicating the number of hospitals associated with 1 surgeon was converted to a binary variable indicating whether the surgeon operated in 1 hospital or more. The coefficient for this binary variable was treated as a random effect to create a random slope coefficient. The model was fit using penalized quasi-likelihood approximation with second order Taylor linearization in MLwiN 2.23 because the MCMC modeling procedure would not converge with this model.
RESULTS
Of the 33,493 individuals with stage I-III disease that underwent CC surgery during the study period, records for 7577 had no information about the operating surgeon (Supplementary 
Individual Characteristics
Of the patients undergoing colon resection during the study period, 50% received an adequate LN examination. Older patients, racial/ethnic minorities, patients with Medicare insurance, and those with higher comorbidity scores received an adequate examination in lower proportions (all <50%). An adequate examination was achieved more often in patients with stage II (52.4%) and III (57.7%) disease, and those with proximal (right sided) tumors (60.3%) ( Table 1) .
Surgeon and Hospital Characteristics
The majority of surgeons had only 1 hospital affiliation (75.1%) and performed fewer than 5 colon surgeries over the course of the study period (64.3%). Most hospitals hosted fewer than 10 CC surgeries per year on average (56.4%). The mean hospital revenue per bed was $500,512; and the median was $446,070 (US dollars). The majority of hospitals were not teaching hospitals (89%) ( Table 2 ). Table 3 depicts the correlations between individual characteristics and an adequate examination, with adjustment 
Adequate Examination in Hierarchical Models
Attribution of Variation in Performance
Hierarchical models quantified the unexplained variance in meeting the standard by contextual characteristics. Table 5 (model 3) shows the unexplained variance at the hospital level (0.620; SE 0.068) was more than 5 times that of the unexplained variance at the surgeon level (0.103; SE 0.031). Adjustment for patient, surgeon, and hospital characteristics had little effect on the variance attributed to the surgeon and the hospital. The median OR at the hospital level in the final model (MOR = 2.05; 95% CrI = 1.90-2.22) indicates that on average, if a patient moved between 2 randomly selected hospitals, they would more than double the odds of receiving an adequate examination by switching to the better of the 2 settings. Surgeon-level variance (MOR = 1.34; 95% CrI = 1.17-1.42) indicates that a similar switch between surgeons would only confer a 34% increase in the likelihood of receiving an adequate examination.
Sensitivity Analyses
The sensitivity analyses using the reduced datasets revealed few differences from the analysis using the full dataset. The hospital-level and surgeon-level variance components changed from 0.620 and 0.103 in the main dataset to 0.596 and 0.158 in the analysis of surgeons operating in 1 hospital and 0.599 and 0.119, in the dataset using 1 randomly selected hospital for each surgeon. In the random slopes model, the main fixed effect for the binary measure of whether a surgeon operated at multiple hospitals was not statistically significant [w 2 , 1 degree of freedom (df) = 0.185; P = 0.67]. In this model, the coefficients for the additional effect of operating in multiple hospitals varied by hospital from À 0.192 to +0.281 which is analogous to a 17% reduction and a 32% increase in odds of having an adequate number of nodes examined, respectively. However, the random slope coefficient (w 2 , 1df = = 1.427; P = 0.23); the covariance coefficient (w 2 , 1 df = 3.087; P = 0.08), and the joint test of the random slope and the covariance coefficients (w 2 , 2 df = 3.784; P = 0.15) were not statistically significant. This indicates that the fixed effect of a surgeon working at more than 1 hospital (compared with working at only 1 hospital) does not change the adequacy of the LN examination according to the hospital where a surgeon works.
DISCUSSION
In the current investigation, we have used a large, diverse, all age, and all payer data base to quantify the contribution of the surgeon and hospital context to the adequacy of LN examination in CC. Although the highest surgeon volume was correlated with receipt of an adequate examination, there was no significant contribution of the number of hospitals where the surgeon operated. Variance in receipt of an adequate examination was better explained by hospital than surgeon characteristics. We found that high volume, and teaching institutions were much more likely to meet the standard than low volume and nonteaching institutions. This likely reflects the impact of overarching hospital structure and the requirement of a multidisciplinary effort to ensure an adequate LN examination.
Our findings are consistent with prior research that has shown the relevance of select patient factors (such as age, race/ethnicity, stage, and comorbidities) in meeting the quality standard. We did not evaluate operator independent factors such as specimen length or tumor size which has recently been associated with a higher likelihood of an adequate examination. 31 We did evaluate the other operator independent factors elucidated in this recent study and found similar correlations with tumor location. Importantly, on the contextual level, our work supports the findings of others who have shown that more of the variation is due to an entity other than the surgeon, and in particular, the hospital setting. 5, 16, 17 Despite similarities, the current study is novel because we have used a more diverse dataset than those who previously assessed multilevel determinants of LN examination. 5 This is important because previous studies focusing on an aging population may skew the results because elderly patients are less likely to receive an adequate examination. Our results are quite robust because we have performed sensitivity analyses which support our initial suspicion that surgeons may operate in multiple settings, but generally attempt to perform the same oncologic resection each time. That is to say, the surgeon's performance does not seem to be directly affected by the performance of the various hospitals in which they operate. Finally, by reporting median ORs, we have quantified the positive impact of improving adequacy of the examination at the hospital level, which could have a more significant effect than improving performance at the surgeon level. Our findings of the larger proportion contributed by the hospital context than the surgeon has face validity because in order to meet the standard, multiple agents (surgeon and pathologist) within the hospital must work in a coordinated manner. This coordination of care may be best mediated at the hospital level. For example, when LN counts are low, hospital policy may mandate a call between the pathologist and surgeon to explore ways to increase counts. Recent studies have argued that LN counts are not an appropriate quality measure to attend to, in part because individual hospital's performance on this measure does not correlate with hospital-level mortality. 32 Although many studies have found this to be the case, 2,7 they have also found strong correlations between patient-level LN counts and improved patient-level survival. 2, 7, 33 Thus, with the impending implementation of the Affordable Care Act and attendant pay-for-performance programs, it is critical to define rational targets that will have the most significant and positive impact on performance. Improving quality at the hospital-level increases the likelihood of meeting the standard by greater proportions than targeting individual surgeon performance.
LIMITATIONS
This study has some limitations. First, it is secondary analysis of cross-sectional, observational data. Therefore, we cannot assume causation in the relationships we observe. The study is also limited in that there is no direct measure of the specific characteristics or practices within hospitals that drive the resulting variation. We did not perform any direct analysis of pathologist performance because that data are not available in this set. Nor was there any detail about the chain of specimen handling, which might affect nodal counts. Thus, further research will be needed to uncover direct explanations for the large variation in performance attributable to the hospital.
CONCLUSIONS
We have demonstrated that variance in the adequacy of LN examination in colon cancer surgery is associated more with hospital factors than with surgeon factors. Incentives to improve adequacy of the LN examination should be targeted at the hospital level. These incentives should be designed to drive the creation of internal policies that encourage providers to work together with the ultimate goal of improving CC survival.
